S
peech perception has been defined as the process by which people are able to interpret, understand, and give meaning to what are otherwise meaningless speech sounds (Massaro, 2001) . Understanding how speech perception occurs is an important aspect of helping us understand how mental processes operate in terms of human linguistic ability.
Categorical perception is a theory that can be used to explain perceptual phenomena such as speech perception. Liberman, Harris, Hoffman, and Griffi th (1957) conducted a study in which they generated speech sounds and varied them in small steps along a continuum, so their participants heard a continuous stream of speech sounds that gradually transitioned from "ba" to "da" to "ga." When they were asked to identify the sounds that they heard, the results showed that they tended to group the sounds into discrete categories even though the sounds were being varied on a continuum. They reported hearing "ba's," "da's," and "ga's" but nothing else during the transition from one syllable to the next. Based on these results, Liberman et al. proposed that speech is perceived categorically.
The motor theory of speech perception attempts to provide an explanation of why people perceive abrupt changes when listening to a continuum. According to this theory, there is a portion of the brain that takes into account the relevant speech information, such as visual and auditory cues, and it forms a hypothesis about what the intended speech sound is (Saldaña & Rosenblum, 1993) . The theory proposes speech perception involves the speech motor system and is infl uenced by the way speech sounds are produced when people speak (Galantucci, Fowler, & Turvey, 2006) . When people hear the sounds on a continuum, they perceive the sounds by trying to match them with what they have to do in order to produce the sounds themselves. Speech perception is usually thought of as strictly an auditory process because verbal communication among people is regarded as listeners hearing and comprehending the words of a speaker. However, studies have demonstrated that speech perception is AN MAI Mercer University
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The McGurk effect is a speech phenomenon that demonstrates how speech perception is infl uenced by both visual and auditory processing (McGurk and MacDonald, 1976) . For instance, when there is a discrepancy between the auditory stimulus (hearing a "ba" sound) McGurk and MacDonald (1976) presented participants with videos in which one speech sound ("ba") had been dubbed onto a video where a woman was moving her lips to another speech sound (ga"). They found that there are two kinds of responses participants give when there is a discrepancy between the audiovisual stimuli. First, the responses can be a fusion of the two sounds. A fused response is when the discrepant information that is seen and heard is transformed into a new item. For example, when an auditory "ba" is paired with a visual "ga," people fuse the two syllables together and hear a new syllable-"da." The second type of response is called a combination. Combination responses occur when the information from the two modalities are joined together. This happens when people are presented with a visual "ba" paired with an auditory "ga." Under these circumstances, people report they hear "baga" or "gaba." McGurk and MacDonald did not give an explanation as to why there are two different kinds of responses. They discovered that this effect can occur even when the person is aware of the illusion because even with a lot of practice, habituation does not occur. When a person is looking at the screen, the visual "ga" and auditory "ba" will produce a "da" perception. However, when the person closes his or her eyes, which removes the visual information, the same condition will produce a perception of "ba." Burnham and Dodd (2004) conducted a study to examine whether infants were susceptible to the McGurk effect. Instead of using a videotape to present the stimuli, they created a real-time demonstration because they believed that infants would be more attentive to a real person. They did so by having a person mime to a pre-recorded audio. There were two phases in this study. First, there was a familiarization phase during which the infants in the experimental group were familiarized with a visual "ga" (a person mouthing "ga") and auditory "ba." This pairing should produce the perception of "da" or "tha," which is the McGurk effect. Infants in the control group were familiarized with a visual "ba" and auditory "ba." The familiarization phase ended when the infants' 15 familiarization trials had been presented. Immediately after the familiarization phase was the testing phase. During the testing phase, infants were presented with just auditory stimuli: "ba," "da," and "tha." These three auditory stimuli were presented one at a time. The mimer was still present when the auditory stimuli were presented, but no miming occurred (the mimer's face remained motionless). The researchers measured visual fi xation duration for each of the auditory stimuli during the testing phase. They expected that infants would fi xate longer on the mimer's face when they heard the auditory stimulus that was most similar to the stimulus they had heard during the familiarization trial. The results showed that infants in the experimental group fi xated on the mimer's face longer when an audio "da" or "tha" was presented than when "ba" was presented. This provided support for the expectation that during the familiarization phase, infants perceived a "da" or "tha" sound. In other words, infants perceived the McGurk effect.
Audiovisual interaction can also occur in complex and contextual scenes. In a study by Wright and Wareham (2005) , participants were shown a video of a man following a woman. The video showed the man mouthing "He's got your boot" paired with an audio of "He's gonna shoot" or vice versa. Participants were asked to report what they heard. The results indicate that when the audiovisual stimuli did not match, participants made mistakes and many of them reported hearing the fusion: "He's got your shoe." This study had more ecological validity than previous studies on the McGurk effect because in our everyday lives, we do not hear sounds in isolation. The video of a complex scene can be more comparable to the real world.
Although the McGurk effect has been found consistently, there are times when the effect is weak. McGurk and MacDonald (1976) found that the effect works better with some consonant combinations than others. During their study, they used "ba/ga" and "pa/ ka" combinations. However, they found that a "ba/ga" combination produced a stronger McGurk effect than "pa/ka" combinations. However, they gave no explanation for why this was the case. The McGurk effect is also less pronounced when nonspeech stimuli are used (Saldaña & Rosenblum, 1993) . Researchers created a video in which plucks and bows on a cello served as the stimuli. Visual plucks and bows were paired with audios from plucks and bows. The sounds of the plucks and bows were played on an auditory continuum. After the video was shown, participants judged what the audio sounded like: pluck, bow, or ambiguous. Participants made these judgments by moving a vertical slash along a horizontal line on a computer screen. Participants moved the slash all the way to the right if they thought the audio sounded like a clear bow and all the way to the left if they thought the audio sounded like a clear pluck. They placed the slash in the middle if the sound was ambiguous (when they couldn't tell whether it was a bow or a pluck). The results showed that the video information had an impact on the auditory pluck and bow judgments, even when participants were told to make judgments based only on what they heard. This seems to be consistent with McGurk fi ndings using speech stimuli; however, the nonspeech stimuli did not produce a strong McGurk-like effect. According to Saldaña and Rosenblum, "the visual infl uence can make a clearly defi ned syllable of one type sound like a clearly defi ned syllable of another" (p. 409) when there is a strong McGurk effect. However, visual infl uence cannot make a clear pluck sound like a clear bow or a clear bow sound like a clear pluck. This fi nding suggests that the McGurk effect is stronger with speech stimuli than nonspeech stimuli.
Familiarity with the speaker (visual stimuli) is another factor that can lead to a less-pronounced McGurk effect (Walker, Bruce, & O'Malley, 1995) . Walker, et. al used videos that consisted of incongruent pairings (auditory and visual stimuli were different): an auditory "ba" paired with a visual "ga" (this is a McGurk pairing that produces "da"), an auditory "ga" paired with a visual "ba," an auditory "bi" paired with a visual "gi," and an auditory "gi" paired with a visual "bi." They also used congruent pairings in which the auditory and visual stimuli were the same (e.g., auditory "ba" paired with visual "ba"). The researchers placed participants into two conditions: those who were familiar with the speaker in the video and those who were not familiar with the speaker. Pairings were presented one at a time, and participants said aloud what they heard the speaker say. When those who were familiar with the speaker were presented with the auditory "ba"/visual "ga" pairing (the McGurk pairing that produces "da"), participants reported fewer "da" responses than those who were unfamiliar with the speaker. When they did not report a fusion (McGurk response) between the two stimuli, the subjects were also more likely to report what they heard rather than what they saw. These fi ndings suggest that people who are familiar with the speaker are less susceptible to the McGurk effect than those who are unfamiliar with the speaker. Walker, et. al (1995) argued that being familiar with a speaker makes listeners less susceptible to the McGurk effect because familiarity provides knowledge of that person's facial movements. When there is a discrepancy between the audio and visual stimuli, their expectations are not met. They do not hear what they thought they were going to hear. When the audio and visual stimuli of the familiar person do not match, people do not fuse the two stimuli together like people do when they are listening to an unfamiliar person. So instead of hearing "da", they hear "ba." The visual stimulus doesn't affect what they hear.
Another factor that can affect the strength of the McGurk effect is the degree of synchrony between the audio and visual stimuli. Synchrony refers to the simultaneous occurrence of the audio and visual stimuli. Munhall, Gribble, Sacco, and Ward (1996) tested synchrony between audio and visual stimuli by manipulating the audio and having it either follow the visual stimulus or lead it. The participants were shown a video of a woman mouthing "igi" and "aga" paired with an audio of "aba." The timing of the auditory stimuli varied in 60 ms increments from 360 ms prior to synchrony to 360 ms after synchrony. Participants reported what they heard by pressing one of the four labeled keys on the keyboard-B, D, G, and O. The letters B, D, and G represented the sounds they might hear (for instance, D means that the sound "di" or "da" was heard), and O stood for "other. " Munhall, et al. found that people perceived the McGurk effect more often when the audio stimuli followed the visual stimuli than vice versa. Participants reliably perceived the effect when the two stimuli were not in synchrony as long as the delay did not go over a 180 ms lag. After 180 ms, the effect weakened and was not usually perceived.
In the present study, I combined the factors of familiarity and synchrony into one study to examine their infl uence on the McGurk effect. Familiarity was manipulated so that there was a familiar and unfamiliar condition, and synchrony was manipulated so that the audio was either in synchrony, delayed by 90 ms, or delayed by 180 ms. I predicted that when the audio and visual stimuli were in synchrony, the McGurk effect would be strongly demonstrated by everyone in the unfamiliar condition and not as strongly for those in the familiar condition. Also, I expected that there would be a signifi cantly less-pronounced McGurk effect for those in the familiar condition as the audio delay increased, but for the unfamiliar condition, the effect should occur as long as the delay does not exceed 180 ms.
Method Participants
Participants were 77 undergraduate students taking an introduction to psychology course at a small southern university. All participants had normal or corrected vision and hearing. Participants were volunteers who received course credit for their participation.
Materials
A Sony Handycam DCR-DVD405 video camera was used to record the visual stimuli. For the familiar condition, the recordings were made using two professors who taught introduction to psychology during the semester that the experiment was conducted. For the unfamiliar condition, the recordings were made using two professors at another southern institution. All four professors were male and were videotaped saying three speech sounds: "ga," "ga," and "ba" ("ga" was repeated twice because it was paired with "ba" and "ka"). After the experimenter pressed the "record" button on the camera, the professors waited 5 s before they said the fi rst sound-"ga." After another 5 s, they said the second sound-"ga, " and then after another 5 s they said the third sound-"ba." The researcher kept track of the time and provided the professors with an auditory cue (fi nger snap), which signaled when they should say each sound. This allowed the professors to keep their focus on the camera instead of looking at a timer. After the videos were made, they were transferred to the computer (MacBook Pro running Mac OS X v10.4.11). Using iMovie HD, the researcher removed the sound on the video, which allowed her to later add in discrepant auditory stimuli.
The iMovie HD program was also used to record the auditory stimuli. All professors were recorded saying three speech sounds: "ba," "ka," and "pa." Once again, each sound was spaced apart by 5 s; however, no auditory cue was given. The program has a feature that shows how much time has elapsed after the record button is pressed so the professors were able to tell when 5 s had passed. After all the audio recordings were made, I dubbed all professors' corresponding audio recordings onto their video recordings. This procedure led to the production of a continuous video stream that consisted of three different audio and visual pairings: "ba/ga," "ka/ga," and "pa/ba" (the "ba/ga" pairing being the McGurk effect pairing that produces the "da" response; the "ka/ga" and "pa/ba" pairings were fi ller pairingspairings that were used to create variety but have not been found to produce the McGurk effect). The video stream was then cut in order to create three separate videos that would vary by synchrony. The audio in these videos was manipulated so that in one video the audio played in synchrony with the visual lip movements, in the second video the audio followed the visual lip movements by 90 ms, and in the third video the audio followed the visual lip movements by 180 ms.
The participants viewed the recordings on a computer screen (a Dell desktop computer running Windows XP). A video camera was used to record each experimental session.
Design
A 2 (Familiarity) X 3 (Synchrony) between subjects factorial design was used to assess the influence of familiarity and synchrony on the McGurk effect.
Procedure
All participants were tested individually and randomly assigned to 1 of the 6 conditions. They were instructed to watch and listen to the video recordings. Each of the three pairings was randomly presented four times for a total of 12 presentations. After each presentation, participants were asked to give 2 responses. First, participants reported what they heard verbally. Then, a multiple-choice list appeared on the computer screen, which asked them to click on the answer they heard. The choices on the list consisted of "ka," "pa," "ba," "da," "ga," and "other." A "da" perception indicated the McGurk effect. A videotape of the sessions allowed me to confi rm auditory responses.
Results
The measure of the McGurk effect was a proportion score that divided the number of "da" responses for the "ba/ga" pairing by the total number of trials (four). The higher the proportion of scores for "da" responses, the stronger the McGurk effect (see Table 1 for means). A 2 x 3 (Familiarity x Synchrony) between subjects ANOVA was conducted and the results showed that there was a main effect for synchrony, F(2, 71) = 8.47, p = .001, partial η 2 = .19. The main effect for familiarity approached signifi cance, F(1, 71) = 3.85, p = .05, partial η 2 = .05. Post hoc analysis for the main effect of synchrony revealed that the simultaneous condition (M = .28, SD = .40) showed more McGurk-consistent responses than the 90-ms-delay condition (M = .04, SD = .16). There was also a signifi cant difference between the simultaneous condition and the 180-ms-delay condition (M = 0, SD = 0), where again the simultaneous condition showed more McGurk-consistent responses than the delay. There was no signifi cant difference between the 90 ms delay and the 180 ms delay. Another post hoc test showed that the means of the simultaneous conditions were not signifi cantly different. 
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Discussion
The purpose of this study was to investigate whether familiarity with a speaker and synchrony of the audio and visual stimuli infl uence the McGurk effect. The results show that the McGurk effect was perceived most often when the audio and visual stimuli were presented in synchrony, rather than when the audio followed the visual information, regardless of familiarity. These results did not confi rm my original hypothesis. Based on the results of a study by Munhall, et al. (1996) , I predicted that those in the unfamiliar condition should have perceived the McGurk effect even when the audio followed the visual information by up to 180 ms. My results suggest that there is no effect for familiarity; however, this fi nding is not consistent with fi ndings from previous research. Walker et al. (1995) found that participants who watched a video of an unfamiliar person perceived the McGurk effect more often than those who watched a video of a familiar person. Although there was a main effect for synchrony, the results did not provide support for previous research that found that the McGurk effect could be perceived even with an audio delay as long as 180 ms (Munhall, et al., 1996) .
A possible explanation for why my results were inconsistent with the previous fi ndings is the fact that I recorded two types of responses-one verbal and one via mouse clicks. Having participants give two responses may have made them think harder and process the information more slowly and more thoroughly, eliminating the familiarity effect. Walker et al. (1995) only asked their participants to say what they heard aloud, while Munhall et al. (1996) only had their participants make keyboard presses to indicate their responses. For this study, I decided to have my participants make two responses hoping that it would ensure better accuracy. However, by asking for two types of responses, I may have accidentally created an artifi cial situation in which the results cannot be generalized to the real world. In our everyday lives, we usually do not repeat what we hear, we just respond to what we thought we heard.
Thorough processing of the audio and visual stimuli may also explain why the McGurk effect was not perceived when the audio was delayed. By taking more time to process the information due to giving two kinds responses, participants might have lost the McGurk effect because of the audio delay. Reducing processing time may have weakened the McGurk effect. However, the reason that the McGurk effect was not lost when the stimuli were played in synchrony could be because this is the condition where the effect is the strongest; the more thorough processing does not affect the participants' perception of it.
Evidence produced as a result of investigating the McGurk effect has suggested that the integration and processing of the audio and visual stimuli occurs before the information goes to the lexicon (a mental dictionary that gives meaning to speech input); therefore, the processing of audio and visual information occurs early and at a prelexical stage (letter combination sounds are processed through the lexicon even though they are not eventually recognized as words; Schwartz, Berthommier, & Savariaux, 2004 In conclusion, the results of this study show that the McGurk effect in its original form is a fairly robust phenomenon, but one that can be eliminated. I believe the effect was lost in the present study because of the change in how responses were recorded. Future research should systematically vary response styles to determine if my conclusion is correct. Even so, this research has important theoretical implications in terms of when the interpretation of auditory and visual stimuli occurs in the perceptual system. Future research should be directed at producing a clearer picture of the prelexical perceptual process.
